Flood mapping of Sungai Skudai using infoworks RS by Goodarzi, Mohsen Salarpour
vii 
 
 
 
 
TABLE OF CONTENTS 
 
 
CHAPTER    TITLE                           PAGE 
 
DECLARATION                                                                            ii 
  DEDICATION           iii 
  ACKNOWLEDGEMENTS          iv 
ABSTRACT            v 
  ABSTRAK            vi 
TABLE OF CONTENTS          vii 
  LIST OF TABLES           xii 
 LIST OF FIGURES           xiii 
 LIST OF SYMBOLS          xix 
 LIST OF APPENDICES          xx 
 
 
1  INTRODUCTION 
1.1 General                      1      
1.2 Objective                                                                          5 
1.3 Scope of study                                                                 5 
1.4 Problem statement          6 
 
 
2  LITERATURE REVIEW 
2.1 Flood Mapping          8 
2.2 Flood Hazard Maps                               12 
2.3 Flood Hazard Boundary Map                              12 
2.4 Calculation of flood depths and velocities                 16  
2.4.1       Existing flood maps and topographic data        16 
viii 
 
 
2.4.2      Conveyance calculation        16 
2.4.3      One-dimensional hydraulic models with  
defined flood storage areas 17 
2.4.4    Flow routing using a "raster" GIS system         17 
2.4.5      Two-dimensional hydraulic modeling using a  17 
fixed grid 
2.4.6      Two-dimensional hydraulic modeling using a  17  
triangular mesh                               
2.5 Hydraulic modelling requires in Watershed Studies     17  
2.5.1 Flow (for rivers) or sea level (coasts)     17  
2.5.2   Flood defences, including location and level   18 
2.6 Flood Risk Maps                    18       
2.7 Software                                           21 
2.7.1  HEC - RAS                    24 
2.7.1.1 Advantage Of HEC - RAS     25       
2.7.1.2 Disadvantage of HEC – RAS     25 
2.7.2  Storm model water management SWMM     25  
2.7.2.1 History of SWMM      26  
2.7.2.2 Model Parameters      27  
2.7.2.3 SWMM objects      27  
2.7.2.4 Application of SWMM     27  
2.7.3 INFOWORKS                    28 
2.7.3.1 Structure of INFOWORKS 
  model                              30  
2.7.3.2 Using model in simulation      31 
2.7.3.3 limitations                  32    
2.7.3.4 Data import                                 32 
2.7.3.5 Data export                                  32 
2.7.3.6 Data storage                                33 
2.7.3.7 Model build functionality           33 
2.7.3.8 Geographical model building  
tools                                           33 
 
ix 
 
2.7.3.9 Grid and property sheet model data  
entry and view                           34 
 
2.7.3.10 Integrated ground modeling        34 
 
2.7.3.11 Catchment boundaries and 
 Area-take off                               34 
2.7.3.12 Interactive network simplification 
through query analysis                 35 
 
2.7.3.13 Model validation                          35 
2.7.3.14 ISIS Flow, Hydrology and PDM  
Engines                                         35 
2.7.3.15        Clear graphical presentation and   
 Analysis                                      36 
2.7.3.16        Develop the last version in  
compare previous versions          37 
 
 
3  METHODOLOGY 
3.1 Introduction                                                                    39 
3.2 Main considerations         39 
3.3 Hydrological model development                                   41 
3.4       Data collection                               41      
3.4.1    River alignment                              42 
3.4.2 River profile                    42 
                                    3.4.3   Hydrological data        42 
                         3.4.4   Water level data        44 
3.4.5    River cross section                                              45 
3.5 Calibration                                45 
3.6 Sensitivity analysis of the model                             45 
3.7 Simulation                                           46 
3.8 The process for hydrodynamic modelling                      46   
 3.8.1    Hydraulic and hydrological data                        46 
x 
 
3.8.2 Hydrologic analysis                                             46 
3.8.3 Hydraulic analysis                                               47 
3.8.4 GIS process                                                         47 
3.8.5 Software selection                                               48 
3.9       Mathematical background of software 48 
3.9.1    Steady flows 49 
3.9.2    Theoretical basis 51 
3.9.2.1 Hydrodynamic Channel Flows 51 
3.10     Flood map accuracy 53 
3.11     Type of flooding 54 
3.12     Flood Mapping Model with Infoworks                          57 
3.13     Study area 60 
 
  
4 ANALYSIS 
4.1 Introduction          65 
4.2 Hydrology analysis                                                     65 
4.3 Hydraulic analysis                                                     65 
4.3.1 Boundary condition                              66 
4.3.1.1 Hydrograph for all  
Subcatchments in 100 ARI                 66 
4.3.1.2 Most upstream Chainage (dummy) 
 Characteristics                  70      
4.3.1.3 Tidal data                                            70 
4.3.2 Calibration of InfoWorks RS model                 72 
4.3.3   Water level simulation for high and low flow  75 
4.3.4    Simulating the water level in Whole  
                                                  River profile for high and low flow                  80 
 4.3.4.1 Water level simulation (100-ARI)        81 
 4.3.4.2 Water level simulation (50-ARI)          84 
 4.3.4.3 Water level simulation (20-ARI)          86 
 4.3.4.4 Water level simulation (10-ARI)          88 
 4.3.4.5 Water level simulation (5-ARI)            90 
xi 
 
4.3.4.6 Water level simulation (2-ARI)            92 
4.4 Flood extent map                                                            94 
 
 
5  RESULT AND DISCUSSION                   98 
5.1 Introduction                                                                    98 
5.2 Model simulation results to produce flood point           98 
5.3 Model simulation results to compare the  
                                    level of water between all ARIs                                     102 
5.4 Compare model simulation results for high 
 and low flow and stage during all ARIs                        104 
5.5 Model simulation results to compare flood depth 
 in left and right side bank of Sg Skudai in all ARIs     108  
5.6 To compare model simulation results between  
InfoWorks and XP SWMM in all ARIs                         111 
5.7 Compare model simulation results for high and 
 low flow and velocity during all ARIs      117  
5.8       Flood extent map (flood hazard map)                  121 
 
 
6  CONCLUSION AND RECOMENDATION 
6.1  Conclusion          125 
6.2 Recommendations                               126  
 
 
 
 
REFRENCES                                                                                                   128 
APPENDIX A 
APPENDIX B 
 
  
xii 
 
 
 
 
 
LIST OF TABLES 
 
 
TABLE NO. 
 
TITLE 
 
PAGE
 
2.1 
Guidance on debris factors for different flood depths, 
velocities and dominant land uses 
15 
2.2 Area Vulnerability 15 
4.1 Tidal harmonic constituent for Johor Bahru 71 
4.2 Calibration statistic report 74 
6.1 The location of flood areas effected during various ARIs 124 
 
xiii 
 
 
 
 
 
LIST OF FIGURES 
 
 
FIGURE NO. 
 
TITLE 
 
PAGE
 
1.1 Hydrologic Cycle 1 
1.2 Climatic zones in the tropics 2 
1.3 Location of Wilayah Pembangunan Iskandar WPI 4 
1.4 Flood Prone Areas WPI 31 
2.1 Structure of an InfoWorks Model 13 
3.1 Flow chart of the project processes 40 
3.2 
A constant slope hydrograph separation method of 
Hewlett and Hibbert 
44 
3.3 The Location of the Study Area  61 
3.4 Topography of Sg. Skudai Catchment 62 
3.5 The Location of the Sg Skudai catchment 63 
3.6 Catchment Delineation of Sg Skudai 64 
4.1 Subcatchment A - 100AR 66 
4.2 Subcatchment B - 100ARI 66 
4.3 Subcatchment B1 - 100ARI 67 
4.4 Subcatchment C - 100ARI 67 
4.5 Subcatchment B2 - 100ARI 67 
4.6 Subcatchment B3 - 100ARI 67 
4.7 Subcatchment E - 100ARI 67 
4.8 Subcatchment D - 100ARI 67 
4.9 Subcatchment B4 - 100ARI 68 
4.10 Subcatchment F - 100ARI 68 
4.11 Subcatchment B5 - 100ARI 68 
4.12 Subcatchment G - 100ARI 68 
xiv 
 
4.13 Subcatchment Sg Senai - 100ARI 68 
4.14 Subcatchment Skudai - 100ARI 68 
4.15 Subcatchment B6 - 100ARI 69 
4.16 Subcatchment B7 - 100ARI 69 
4.17 Subcatchment J - 100ARI 69 
4.18 Subcatchment M - 100ARI 69 
4.19 Subcatchment K - 100ARI 69 
4.20 Subcatchment L - 100ARI 69 
4.21 Subcatchment B8 - 100AR 70 
4.22 Subcatchment N - 100ARI 70 
4.23 Subcatchment B9 - 100ARI 70 
4.24 Subcatchment O - 100ARI 70 
4.25 
One cycle during in the spring high tide for Sg 
Skudai 
 
71 
4.26 
Comparison observed data and simulated result with 
n = 0.03, 0.05 
72 
4.27 
Comparison observed data and simulated result with 
n = 0.03 
73 
4.28 
Comparison observed data and simulated result with 
different Manning Coefficient 
 
73 
4.29 Kampung Laut- 100 ARI 
 
75 
4.30 PUB- 100 ARI 76 
4.31 Senai Town- 100ARI 76 
4.32 Opposite Railway Station-100 ARI 77 
4.33 Kampung Pertanian-100 ARI 77 
4.34 Taman Indahpura, Kulai-100 ARI 78 
4.35 Taman kulai Baru-100 ARI 78 
4.36 Sengkang -100 ARI 79 
4.37 The first upstream of Sg Skudai ,part A 80 
4.38 The second upstream of Sg Skudai, part B 80 
4.39 The downstream of Sg Skudai, part C 81 
xv 
 
4.40 Water level profile in part A - 100 ARI 82 
4.41 Water level profile in part B - 100 ARI 82 
4.42 Water level profile in part C - 100 ARI 83 
4.43 Water level profile in part A - 50 ARI 84 
4.44 Water level profile in part B - 50 ARI 84 
4.45 Water level profile in part C - 50 ARI 85 
4.46 Water level profile in part A - 20 ARI 86 
4.47 Water level profile in part B - 20 ARI 86 
4.48 Water level profile in part C - 20 ARI 87 
4.49 Water level profile in part A - 10 ARI 88 
4.50 Water level profile in part B - 10 ARI 88 
4.51 Water level profile in part C - 10 ARI 89 
4.52 Water level profile in part A - 5 ARI 90 
4.53 Water level profile in part B - 5 ARI 90 
4.54 Water level profile in part C - 5 ARI 91 
4.55 Water level profile in part A - 2 ARI 92 
4.56 Water level profile in part B - 2 ARI 92 
4.57 Water level profile in part C - 2 ARI 93 
4.58 
The flood effect area from Danga Bey to Perling (0 – 
6400 m), 100 ARI 
 
94 
4.59 
The flood effect area from Taman Sutera Utama to 
Kg Laut (6400 – 11500 m), 100 ARI 
95 
4.60 
The flood effect area from Kg Laut to L/raya U-S 
(11500 – 16500 m), 100 ARI) 
 
95 
4.61 
The flood effect area from Tmn Sepakat to Kaw 
Perindustrian Senai (16500 – 22500 m), 100 ARI 
96 
4.62 
The flood effect area from Jin Kg Separa to Tmn 
Mas (22500 – 30500 m), 100 ARI 
 
96 
4.63 
The flood effect area Tmn Mewah (30500 - 32000 
m), 100 ARI 
97 
5.1 The water level in 100 ARI from Sengkan until 99 
xvi 
 
Danga Bay 
 
5.2 
The water level in 50 ARI from Sengkan until 
Danga Bay 
 
99 
5.3 
The water level in 20 ARI from Sengkan until 
Danga Bay 
 
100 
5.4 
The water level in 10 ARI from Sengkan until 
Danga Bay 
100 
5.5 water level in 5 ARI from Sengkan until Danga Bay 101 
5.6 
The water level in 2 ARI from Sengkan until Danga 
Bay 
101 
5.7 
The water level in 5 ARI from Sengkan until Danga 
Bay 
103 
5.8 
The simulation results for high and low flow, Danga 
Bay - o m 
104 
5.9 
The simulation results for high and low flow, Taman 
Sepaakat - 17000 m 
 
105 
5.10 
The simulation results for high and low flow, Kaw 
Perindustrian Senai - 21000 m 
 
105 
5.11 
The simulation results for high and low flow, Kulai- 
27000 m 
106 
5.12 
The simulation results for high and low flow, Taman 
Mas- 28500 m 
106 
5.13 
The simulation results for high and low flow, Kg 
Sengkang- 32000 m 
107 
5.14 
The simulation results for high and low flow, 
Perling- 5000 m 
107 
5.15 
The simulation results to compare flood depth in left 
side bank of Sg Skudai 
109 
5.16 
The simulation results to compare flood depth in 
right side bank of Sg Skudai 
110 
xvii 
 
 
5.17 
To compare model simulation results between 
InfoWorks and XP SWMM in 100 ARI 
112 
5.18 
To compare model simulation results between 
InfoWorks and XP SWMM in 50 
113 
5.19 
To compare model simulation results between 
InfoWorks and XP SWMM in 20 ARI 
114 
5.20 
To compare model simulation results between 
InfoWorks and XP SWMM in 10 ARI 
115 
5.21 
To compare model simulation results between 
InfoWorks and XP SWMM in 5 ARI 
116 
5.22 
The simulation results for high and low flow, Danga 
Bay - o m 
117 
5.23 
The simulation results for high and low flow, Taman 
Sepaakat - 17000 m 
 
118 
5.24 
The simulation results for high and low flow, Kaw 
Perindustrian Senai - 21000 m 
118 
5.25 
The simulation results for high and low flow, Kulai- 
27000 m 
119 
5.26 
The simulation results for high and low flow, Taman 
Mas- 28500 m 
119 
5.27 
The simulation results for high and low flow, Kg 
Sengkang- 32000 m 
 
120 
5.28 
The simulation results for high and low flow, 
Perling- 5000 m 
120 
5.29 
Flood extent map simulated with InfoWorks for 100 
ARI, Sg Skudai 
121 
5.30 
Flood extent map simulated with InfoWorks for 50 
ARI, Sg Skudai 
122 
5.31 
Flood extent map simulated with InfoWorks for 20 
ARI, Sg Skudai 
122 
5.32 Flood extent map simulated with InfoWorks for 2 123 
xviii 
 
ARI, Sg Skudai 
5.33 
Distribution of Various Flood Prone and Flood 
Areas in IM, 2007, Sg Skudai (provided by DID) 
123 
 
xix 
 
 
 
 
LIST OF SYMBOLS 
 
 
HR               -                            Flood hazard 
d                  -                            Depth of flooding 
V                 -                            Velocity of flood water 
DF               -                            Debris factor 
g                  -                            Gravity 
S
0
               -                            Slope of river 
S f                -                            Loss of friction 
q                  -                            Lateral inflow 
K                 -                            Channel conveyance 
R                 -                             Hydraulic radius 
P                  -                            The length of the wetted perimeter 
n                  -                            Manning's roughness coefficient 
xx 
 
 
 
 
LIST OF APPENDIX 
 
 
APPENDIX 
 
TITLE 
 
PAGE
 
A 
FLOW FOR EVERY SUBCACHMENTS IN 
SKUDAI RIVER FOR 100 ARI 
 
132 
B 
SOME PARAMETERS HAS BEEN MODELED 
BY INFOWORKS RS FOR SKUDAI RIVER - 100 
ARI 
 
141 
 
 
